Under certain conditions, when cultured soybean cells are mixed with Rhizobium root nodule bacteria nitrogenase activity as determined by an acetylene reduction assay (1, 5, 8) is observed. We also reported a similar phenomenon (7) , but in our experiment the reproducibility was very poor. The growth of soybean cells when mixed with Rhizobium was often rapidly inhibited and in that case, nitrogenase activity did not appear. Growth of soybean cells in the presence of Rhizobium seems to be a prerequisite for a development of a nitrogen fixation system (1, 7) . To establish a nitrogen fixation system in the mixed culture of Rhizobia and soybean cells, it is important to know how and in what case the growth of soybean cells is inhibited by Rhizobium.
Animal cells in culture normally cease their movements and divisions in spite of being rich in nutrients if they are in contact with other cells (6) . The cell surface seems to play an important role. Adsorption of a Rhizobium cell to a soybean cell (9) may also result in a series of intracellular reactions leading to growth inhibition of the soybean cell. This paper shows that Rhizobium japonicum cells are able to adsorb on soybean cells and inhibit their growth, and that both cell envelope prepared from Rhizobium and the Na-cholate-solubilized fraction of the cell envelope are also able to inhibit the growth of soybean cells.
MATERIALS AND METHODS
Organisms and Cultivation. Soybean cell culture was derived from root explants of soybean (Glycine max cv. Kingen No. 1) after the manner described by Gamborg (4) . The cells were maintained in 500-ml flasks containing 100 ml of Gamborg B-5 medium on a reciprocal shaker (130 oscillation/min, horizontal excursion of 7 cm) at 30 C in the dark. Aliquots of the culture (10 ml) were transferred to 100 ml of fresh medium every 10 days. We used cells which had been cultured for over The growth inhibition of soybean cells by Rhizobium is thought to be ascribed to some of the following three causes: (a) competition for essential nutrients in a medium; (b) diffusive products of Rhizobium; or (c) nondiffusive products localized on the cell surface of Rhizobium. The inhibition of growth happened within 1 or 2 days after mixing. Since the nutrient pool in soybean cells seems to be large and the growth rate of Rhizobium in the mixed culture was very low, growth inhibition by the first cause is not likely to occur.
To examine whether the medium had been changed to be toxic against soybean cells during the mixed culture, soybean cells were transferred to a medium in which a mixed culture had been grown for 5 days. Soybean cells grew in the conditioned medium as fast as in normal medium. This indicates that Rhizobium does not excrete the diffusive growth-inhibiting substance into the medium.
When Rhizobium cells were mixed with soybean cells in buffered solution, turbidity of the filtrate of the mixture decreased without any lag time (Fig. 2) (Fig. 3b) same buffer as above. One peak of carbohydrate-containing material which had the growth-inhibiting activity was eluted from the column in the void volume. The fractions from the void peak were inhibited in their growth-inhibiting activity by 1 mM KI04, 0.5 M urea, and fl-glucosidase. Heating at 120 C for 15 min had little effect on the activity. These results suggest that the growthinhibiting factor(s) in this study is one of the macromolecular carbohydrate-containing constituents of the outer membrane. It is fully possible that the cell envelopes may be slightly contaminated with cytoplasmic materials during the process of preparation. Further experiments on the nature and location of the growthinhibiting factor(s) are needed to explain an essential role of the cell surface in the inhibition of soybean cell growth by Rhizobium.
Soybean cells cultured for periods exceeding 1 year were invariably inhibited in their growth by Rhizobium cells as described in this report, and the acetylene reducing activity did not appear.
However, soybean cells which had been cultured for 6 months were not necessarily inhibited in their growth by Rhizobium cells, in spite of adsorbing them. The uninhibited mixed culture occasionally showed acetylene-reducing activity (7) . Various traits of cultured soybean cells are altered by conditions of the culture (13 
